ABSTRACT
thin sandstone reservoir inversion, objectively explained reservoir spatial distribution characteristics of dense well pattern.
RESEARCH SITUATION
The first Northeast area of Lamadian oilfield is located in the east of the Lamadian oilfield, contains the oilfield and the transition zone of 31 square kilometers in the east, the structure is more gentle than the west side of the Lamadian oilfield, the dip in the east flank of Lamadian oilfield is 3-6 degrees, the single noisy of seismic data is relatively high, the seismic data's dominant frequency is 45-50Hz,the effective bandwidth is 5-95Hz, faults in Saertu oil bed of Lamadian reservoir don't development. Up to now, there are total1040 development wells, and average well density is 50 wells cover 1 kilometres, and average well space is 150m,and minimum well space up to 40m.In the longitudinal direction, there are many reservoirs, in these reservoirs, Saertu oil bed is the main reservoir and oilbearing layer, is the main object of the "315" key problems, divided into 3 reservoir groups and 26 sedimentary units, the thickness is between 70m and 100m,the reservoir is dominated by siltstone, fine sandstone, pelitic siltstone, belongs to a typical fluvial deltaic phase sedimentary sand bodies. Sedimentary types are mainly fluvial deposition, has the characteristics of more layer sections, larger thickness, complex sedimentary model and serious heterogeneity.
RESEARCH METHOD OF THIN SANDSTONE RESERVOIR
The inversion technique of curve reconstruction is relatively early in China, but because of the relationship between the curve and the wave impedance curve is reasonable or not, so there is some difficulty in seismic inversion [1, 2] . The wave impedance of the rock stratum is mainly related to the following factors: first, rock mineral composition, elastic characters, density and velocity, general wave impedance is proportional to the density of rock; second, porosity of rock strata, fluid property and saturation, the wave impedance increases linearly with the increase of porosity, and the advantage of the wave impedance curve for the identification of thick sandstone is played. Seismic data contains abundant lithology and properties, after the seismic inversion of wave impedance, the interface type seismic data can be converted into the rock type of well logging data, so that it can be compared with the drilling and logging results, This gives full play to the advantages of the earthquake data intensive in the horizontal direction, research the spatial variation of reservoir characteristics. But the limitation of the original wave impedance is that the resolution is not high in the longitudinal direction, the recognition accuracy of sandy mudstone is poor, often have problems on the recognition of thin layer sandstone (Fig.1a) . And to these cures in the research area, the natural potential is the electric potential generated in the formation, it is mainly divided into diffusion and adsorption of electromotive force, and the different electric potential generated between sandstone, mudstone and shaft wall, this is a well logging method based on the characteristics of different electric potential of different rocks in the natural world to distinguish the rock properties of the drilling section. The porosity and connectivity of sandstone are better, is propitious to the conduction of current in the pore fluid, its natural potential response is sensitive, and it has high amplitude value obviously, however, the mudstone is denser, and the electric potential is poor, it has a straightforward SP Curve, or hasn't range. because of the SP Curve and wave impedance have a relationship of statistics ( Fig.1c) , so it can considered that it is converted into the pseudo wave impedance curve, the statistical relationship between the SP Curve under the condition of depth constraint and wave impedance curve can be seen, the pseudo wave impedance after the reconstruction of spontaneous potential curve is better to distinguish sandshale (Fig.1d) .
By means of the comparison of the original wave impedance curve, the reconstruction wave impedance curve and lithology, in the identification of thick sandstone, the wave impedance curve and pseudo impedance curve correspond better, but for the mudstone or thin sandstone, the reconstructed curves are most sensitive to the response of sandshale, it can distinguish mudstone more than 2m and sandshale about 2m (Fig.1a, Fig.1b) , the value of SP Curve of sandstone has a large negative anomaly, the value of SP Curve of mudstone is near the baseline of the mudstone, therefore, the reconstruction of pseudo impedance curve is an ideal method for the identification of thin sandstone.
REALIZATION PROCESS AND ANALYSIS
Bandwidth is the main index to evaluate the resolution of seismic inversion [3] . Therefore, we hope to improve the resolution of seismic data by inversion method. In the realization process, the resolution is needed to be improved by absorption compensation, in the main sparse pulse wave impedance inversion, the frequency component and initial low frequency component is first recovered, and then the high frequency components are compensated by the high frequency component which is formed by the inversion of seismic parameters [4] , finally, the reconstructed wave impedance inversion is formed, in order to complete the fine characterization of sand body.
Low Frequency Component-Initial Model
The geologic model plays an important role in the inversion work, first, the low frequency component model consistent with the geological structure is provided for the subsequent wave impedance inversion; second, set up stratigraphic framework, and provide the information of strata contact and horizon limits for other functional functions on, to insure that the results are within the target layer of the study, choose the low pass filter consistent with seismic data, on this account, seek low frequency component of the impedance value near wells.
Middle-Band Frequency Component-Restricted Sparse Pulse Inversion
On the base of sparse pulse deconvolution, the implementation method has the maximum likelihood deconvolution. This method is mainly aimed at the problem of medium and high frequency band in seismic data, assuming that the wave impedance model of underground strata corresponds to the reflection coefficient sequence model is sparse, it is composed of the main(strong) reflection coefficient sequence that play a leading role and the weak reflection coefficient sequence with Gauss background. Under these conditions, using different methods to estimate the "strong" reflection coefficient and seismic wavelet, through stepwise screening and optimization, an underground wave impedance model represented by a sparse pulse model is obtained. In the iterative procedure, can also be introduced into the framework of geological structure model and 3D multi-wells model to participate in inversion constraints, this can not only able to limit the multiplicity of the results, but also can more preserve the amplitude, frequency and phase of the seismic data. The quality of sparse pulse inversion is main the selection of appropriate treatment parameters to control the accuracy of the inversion results, the value of Lambda is one of the important parameters, if Lambda is too small, the resolution is low; if the Lambda is too large to make the noisy increases, at the same time, ignoring the low frequency background wave impedance changes, so choose the value of Lambda this time is 8.5.
High Frequency Component-Seismic Parameters Inversion
Using seismic inversion to transform seismic section into wave impedance section for reservoir prediction, the premise is that the characteristics of the wave impedance of the reservoir is obvious, but sometimes it is difficult to distinguish between the reservoir and wall rock on the wave impedance, so the seismic characteristic inversion based on the feature of reservoir reconstruction is set up, aiming at the specific geological problems, based on the petrophysics, from numbers of logging curve, reconstruct a reservoir characteristic curve, so that the reservoir will have obvious characteristics in this curve, by means of the 3D seismic inversion of reservoir parameters which is combined with multiple data and under various constraint conditions, can improve the accuracy of inversion, seismic parameters inversion is a kind of seismic inversion method based on model which has strong capability of reservoir characterization, not only to avoid the direct inversion of seismic data, to avoid problems of fast propagation it can avoid the problem of fast propagation error after getting reflection coefficient, which cases by wave impedance conversion, but also overcome the lack of bandwidth of seismic data by the integration of high frequency information of well logging data, the inversion results may be have a high resolution by using the nonlinear method of direct inversion wave impedance [5, 6] . The main feature of this method is to maximize the use of seismic, geological and logging data, so that the inversion results are in full agreement with known conditions, the main disadvantage of the result is the lack of low frequency information, and show precarious in the processing of thin and thick stages of sandshale sequences, the ability to overcome multiple solutions is weak.
Broadband wave impedance reconstruction method is mainly to combine the low frequency component of initial model, the middle-band of sparse pulse and the high frequency component of seismic parameters inversion, combine the well logging and seismic data, so that can maximize the width of the inversion band, can increase the stability of the inversion, can improve the resolution and accuracy of the inversion results, can reduce the multiplicity, in the process of extrapolation inversion, add logging, geological model and other constraints, broaden the frequency band of inversion results, play the advantages of various information, effective solution to the recognition of different levels of thickness of sandstone, so as to realize the fine reservoir prediction and description (Fig.2) .
THE EFFECT AND APPLICATION OF INVERSION The Analysis of the Effects of Seismic Inversion
The First Northeast Area is main layer of oilfield development in Saertu Oil Bed, but the development of sand body in the reservoir is very difficult to identify in the conventional seismic profile. After wide band reconstruction wave impedance inversion, the top and bottom interfaces of single sand body have been separated, the red on the profile represent sandstone which have better physical properties, inversion profiles and SP Curve show the low values represent that the characteristics of sandstone are in good agreement (Fig.3) . The transverse docking relationship between sand body and sand body is mainly divided into four types: Sand body split phenomenon; Different sand body lateral joint; Isolated sand body in mudstone; Updip pinchout sandstone reservoir.
CONCLUDING REMARKS
As Lamadian oilfield development so far in Daqing, it has entered the stage of development of the ultrahigh water cut stage, how to find the effective method of tapping remaining oil has become an urgent problem in oilfield. In view of the heterogeneity of Saertu oilfield, the main problem should concentrate on finding to tap the remaining oil in the thin reservoir, but for this type of thin sandstone reservoir, the conventional seismic profile interpretation is difficult to identify, by using high resolution seismic inversion data, the resolution of seismic inversion can be greatly improved by using the reconstructed inversion method, can solve the thin sandstone reservoirs which are difficult to be identified in conventional seismic sections, better definition of sand body connection and its distribution characteristics of reservoir space.
